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Two cases of primary cranial desmoid tumors associated with FAP had been previously reported. 9, 26 We report the case of an 18-month-old boy who underwent grosstotal resection of a right temporal desmoid tumor, which was initially diagnosed as cranial fasciitis. Two years later, he developed another bifrontoparietal desmoid tumor and was subsequently diagnosed with FAP. This is the first report describing recurrent primary cranial desmoid tumor in a pediatric patient with FAP. We believe, however, that some of the cases previously reported as cranial fasciitis are likely desmoid tumors pathobiologically and genetically, as also contemplated by others, 19 and such a diagnosis should be considered in future clinical practices for lesional management and FAP risk assessment. The recur-rence of desmoid tumor emphasizes the need for careful follow-up after desmoid tumor excision in pediatric patients with FAP.
Case report

History and Initial Examination
An 18-month-old boy initially presented with a right temporal mass, which had been slowly growing over the prior several months (Fig. 1 ). His medical history was significant for premature birth at 32 weeks, patent ductus arteriosus, and microcephaly. At presentation, the physical examination showed a firm 7 × 5 cm temporal mass and hypotonia. A postcontrast CT scan demonstrated a right extracranial soft-tissue mass involving the squamosal portions of the temporal bone. The patient subsequently underwent resection of the lesion. Intraoperatively, the abnormal mass was excised circumferentially along with the attached periosteum; the underlying skull had multiple eroded areas with a honeycomb appearance. Total resection of the tumor was achieved and the eroded bone underneath was curetted to normal appearing bone. Histopathological analysis showed a proliferation of spindled mesenchymal cells with a fascicular pattern. The lesion was initially diagnosed as cranial fasciitis, but was later determined to be desmoid tumor as immunohistochemical analysis showed nuclear localization of b-catenin (Fig. 2) .
Second Presentation and Examination
The patient was subsequently lost to follow-up. Two years after the initial operation (age 3 years), the patient presented with a new cranial mass. A physical examination demonstrated a large, nontender, bilateral frontoparietal mass, hypotonia, and left esotropia with intermittent disconjugate gaze. These deficits were believed to be due to long-standing intracranial hypertension. Initially the patient was thought to not be MRI compatible due to a cardiac implant used for treatment of his patent ductus arteriosus (after his second tumor resection his implant was deemed MRI compatible). A postcontrast head CT scan showed a heterogeneously enhancing solid mass involving the frontoparietal regions with extensive bone destruction (Fig. 3) . The mass also extended into the epidural space and severely compressed the underlying cerebrum, but the superior sagittal sinus appeared patent. Further staging workup with a radionuclide bone scan and CT scan of the chest, abdomen, and pelvis showed no evidence of extracranial abnormalities.
Operation
The patient underwent a limited biopsy to establish a tissue diagnosis. Histopathological examination revealed dense proliferation of small and elongated fibroblast-like cells with features suggestive of a desmoid tumor; immunohistochemical analysis demonstrated nuclear accumulation of b-catenin (Fig. 4) . Fluorescence in-situ hybridization on explanted tumor cell culture and normal tissue showed deletion of bacterial artificial chromosome clone RP11-13O21 near the APC gene locus on chromosome 5q22.2. This result supported a diagnosis of FAP. Nine days after the biopsy, the patient underwent a complete resection with subsequent cranioplasty. Intraoperatively, the tumor was found to be densely adherent to the underlying dura in most areas. It overlaid, but did not invade, the superior sagittal sinus. Aggressive bipolar cautery was used to help create the plane. After the bulk of the tumor was resected, remnant tumor tissue was scraped and peeled off the dura and cauterized where it was believed to not be safe to remove (Fig. 5) . This was also performed over the sinus with great care. Following the resection, the calvarial defect was repaired using a custom-made polymethylmethacrylate (PMMA) implant (Stryker).
Postoperative Course
Due to the long-standing extradural compression, the boy had a large epidural space following surgery. Two weeks after surgery he underwent placement of a subgaleal drain for a persistent subgaleal fluid collection that was believed to be a resolving hematoma or seroma. Following drain placement he showed left upper-extremity weakness and imaging revealed a small dural defect with corresponding brain herniation. This was repaired, and he ultimately required a temporary lumboperitoneal shunt to address persistent CSF accumulation in the subgaleal space.
Nine years following the resection of the desmoid tumor, the patient continues to be developmentally delayed with left esotropia and disconjugate gaze. He has contour irregularities in the forehead region but the cranial implant continues to be satisfactory. Follow-up imaging has not shown any evidence of recurrence (Fig. 6) . He ultimately required a total colectomy at the age of 12 years for extensive polyp disease.
Discussion
Desmoid tumors are histopathologically deceptively bland, but locally aggressive, soft-tissue neoplasms. Nuclear staining for b-catenin is noted in 67%-80% of cases. Desmoid tumors have a propensity for local recurrence after incomplete excision and for accelerated growth after trauma (such as incisional biopsy). Ten percent to 15% of patients with FAP have been found to have desmoid tumors, an incidence 850 times greater than that observed in the general population. 11 When arising on the skull, desmoid tumor may erode into the underlying calvaria and disrupt associated CNS development in pediatric patients due to the mass effect of the tumor.
Desmoid tumor usually presents with a rapidly growing nontender mass, 10 mimicking cranial fasciitis, a benign fi- broblast lesion that rarely recurs. In fact, during the era prior to the use of b-catenin staining, rapidly growing infantile lesions of the scalp were most likely diagnosed as cranial fasciitis based on spindle cell morphology alone.
Since the introduction of b-catenin staining there has been a shift to categorize similar cases-which showed nuclear positivity for b-catenin-as desmoid tumors. In this case, the first right temporal lesion was initially misdiagnosed as cranial fasciitis, and later confirmed to be a primary desmoid tumor based on the history of FAP and nuclear localization of b-catenin noted in immunohistochemical analysis. The second bifrontoparietal lesion is also more likely to be an independent primary desmoid tumor, as it did not overlap with the first lesion.
The management of desmoid tumors can be complex, involving surgery, systemic chemotherapy, and/ or radiation.
14 No clinical trials have been performed to compare the operative and nonoperative treatment of desmoid tumor. Radiation and chemotherapy have some success in improving the local control of desmoid tumor in adults. 25 A regimen consisting of vinblastine and methotrexate showed a 31% response rate (complete or partial regression) for desmoid tumors in children. 22 High-dose tamoxifen and sulindac have also been found to be effective in treating desmoid tumor. 15 Radiotherapy has been incorporated into the management of extraabdominal desmoid tumors, either as primary or adjuvant treatments. However, one study demonstrated that younger children, who were treated with radiotherapy, had higher recurrence rates. 21 Furthermore, the CNS of younger children is more susceptible to the side effects of radiation and cytotoxic chemotherapy. 24 Surgery is the first-line therapy for an extraabdominal desmoid tumor when it can be accomplished without significant functional impairment.
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Resection with histologically free margins remains an effective treatment for desmoid tumor in terms of long-term event-free survival, with a 22%-27% chance of recurrence after margin-negative resection. 3, 23 If margins are positive following resection, radiation therapy or chemotherapy may help maintain local control of tumor.
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Bone involvement by tumor is a very common cause of cranial defects. Repair of cranial defects improves cosmesis and decreases the incidence of epilepsy. 20 There are many types of cranioplasty materials, such as autologous bone graft, titanium, and PMMA. When performing cranioplasty in young children, one important factor to consider is the continued skull growth with age. Autologous bone graft is widely used in the pediatric population due to its ability to grow into surrounding skull over time. 17 Finding an appropriate donor site can be challenging, particularly in younger children in whom splitting the calvaria can be difficult. Titanium is commonly used in adults with a lower risk of infection, 16 but it is hard to shape and does not integrate with growing skull well. PMMA remains among the most extensively used cranioplasty materials. It can be custom-made preoperatively or shaped intraoperatively. Compared with metals, PMMA is easier to shape and lighter in weight. 2 Bone can grow into PMMA, resulting in a better fixation. 6 The main complication of PMMA is infection, especially in patients undergoing postoperative radiation therapy. 5 In the presented case, the large PMMA implant was placed at the age of 3 years and has not required replacement in the subsequent 9 years of follow-up. The segment of bone removed was limited in its depth of contour, and because the shape of this area changes little with growth, the implant placed in early childhood remained adequate even with extensive growth; that is, the growth of the intracranial space was adequately maintained by the untouched lateral, anterior, and posterior bone segments of the skull. At this point it is unlikely that he will require an implant revision (Figs. 7 and 8). This case emphasizes the importance of frequent follow-up after excision of desmoid tumors in pediatric patients with FAP. Reports of recurrent cranial desmoid tumor formation appear to be rare in the literature. The patient would have benefited from closer follow-up and earlier removal of the tumor.
Desmoid tumor should be considered in the differential diagnosis of scalp and calvarial masses in infants and young children. Although not metastatic, desmoid tumors can cause local destruction due to their infiltrative property. Complete excision is required to minimize the risk of recurrence. In the pediatric population, a desmoid tumor may be the first lesion indicating a diagnosis of FAP. Patients with such predisposition should be followed up closely after surgical excision of desmoid tumors. A large vertex cranial defect in a toddler poses a difficult problem. We demonstrated that a PMMA implant eliminates the need for future revision when used to repair large cranial defects in a toddler.
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